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DETERMINATION  OF  THE  RAPID  QUENCHING  RATES  OF  EXCITED  STATE  F- CENTERS  BY 
OH~  DEFECTS  IN  KC1 


Du-Jeon  Jang,  Timothy  C.  Corcoran,  and  M.A.  El-Sayed 

Department  of  Chemistry  and  Biochemistry,  University  of  California 

Los  Angeles,  CA  90024,  USA 

Laereio  Gomes  and  Fritz  Luty 

Physics  Department,  University  of  Utah, 

Salt  Lake  City,  UT  84112,  USA 


JL _ Introduction 

Recently,  active  studies  of  the  interaction  and  association  of 
substitutional  diatomic  molecular  defects  with  F-centers  in  alkali  halides 
have  been  carried  out  [1-3].  It  was  shown  [1]  that  the  electronic 
luminescence  and  photoionization  of  the  relaxed  excited  state  of  F-centers 
(F_-centers)  in  KC1  reduce  drastically  with  increasing  the  concentration  of 
OH_  molecular  defects,  suggesting  a  strong  coupling  between  F  -centers  and 
OH~  defects.  The  main  purpose  of  this  work  is  to  measure  the  rates  of  this 
quenching  using  picosecond  techniques  to  determine  the  type  of  the 
electronic  coupling  (i.e.,  multipolar  vs  electron  exchange)  as  well  as  the 
phonon  assistance  in  the  process.  The  rates  of  the  quenching  are 
determined  by  the  measurement  of_the  ground  state  bleach  recovery  of  the  F- 
centers  as  a  function  of  OH*"  concentration  and  temperature  using  a 
picosecond  streak  camera  absorption  spectrometer  [4], 

jL _ Experimental 

Single  wavelength  ground  state  bleach  recovery  kinetics  were  obtained  on 
the  basis  of  a  single  laser  shot  with  a  picosecond  transient  absorption 


SHC  THC 


Fig.  1:  Schematic  diagram  of  the  experimental  apparatus.  SHG/THG  - 
second/third  harmonic  ganerator.  Double  headed  arrow  -  convex  lens. 


spectrometer  utilizing  dye  emission  and  a  streak  camera  [4] .  The  optical 
setup  of  the  transient  absorption  spectrometer  is  shown  schematically  in 
Fig.  1.  The  fluorescence  from  an  organic  dye,  excited  by  the  third 
harmonic  pulse  of  a  passively/actively  mode-locked  Quantel  471  Nd:YAG 
laser,  is  used  for  the  probe  light.  The  wavelength  of  the  probe  light  is 
selected  by  passing  a  5-nm  band  filter.  A  Hamamatsu  C979  streak  camera 
with  a  10-ps  time  resolution,  coupled  to  a  P.A.R.  intensified  1420  Reticon 
with  a  P.A.R.  1218  multichannel  controller,  is  used  as  a  detector.  This  is 
interfaced  to  a  digital  LSI  11/23  computer.  A  ground  state  bleach  in  the 
sample  alters  the  apparent  kinetics  of  the  dye  amission  seen  by  the  streak 
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Fig.  2:  Typical  bleach  recovery  kinetics  of  the  F-centers  in  KC1  with 
various  OH  concentrations  measured  at  120K,  using  relatively  long  (a)  and 
short  (b)  time  windows .  The  samples  are  excited  at  532  nm  and  probed  at 
5504-5  nm  and  the  QH  concentrations  in  mole  fractions  are  0,  6.1x10*  , 
9.4x10  ,  and  2.3x10  for  (CO),  (Cl),  (C2),  and  (C3),  respectively. 


camera.  Comparison  of  the  dye  emission  kinetics  without  and  with  the  < 

sample  excitation  by  the  second  harmonic  pulse  of  the  laser  yields  very 
accurate  bleach  recovery  kinetics.  The  single  crystals  of  different  OH  ] 

and  OD  dopings  were  additively  colored  and  quenched.  The  samples  were  i 

mounted  on  the  cold  finger  of  a  Air  Products  Liquid  Transfer  Heli-Tran  LT-  j 

3-110. 


A. _ BunlU-ina  BlifiMiilfin 

Li _ Temporal  and  Concentration  Dependence 

Figure  2  shows  typical  bleach  recovery  kinetics  obtained  at  different  OH 
concentrations  (about  2  orders  _of  magnitude  higher  than  the  F  concen¬ 
tration).  The  kinetics  of  the  OH~  doped  crystals  show  two  distinguishable 

relaxation  processes.  The  fast  process  is  due  to  energy  transfer  from  the 

excited  electronic  state  of  the  F-centers  to  the  vibrational  states  of  the 
OH  stretching  mode.  The  fitting  of  the  observed  temporal  dependence  to 

the  equations  derived  from  multipolar  and  exchange  mechanisms  are  carried 

out  [5],  The  results  suggest  an  exchange  type  at  short  times.  At  long 

time,  all  the  mechanisms  fit  the  observed  results.  The  slow  relaxation 

process  is  slightly  faster  than  that  observed  in  the  absence  of  OH~. 

Ll _ Temperature  Dependence 

The  temperature  dependence  of  OH-  quenched  fast  relaxation  process 
presented  in  Figs.  3  and  4  shows  that  the  transfer  rate  increases  linearly 
with  temperature  below  90K.  Above  this  temperature,  it  increases 
exponentially  with  temperature.  Below  90K,  the  energy  transfer  is  assisted 
by  xa  one  phonon  process  [6] .  Above  90K,  activation  energies  (AE  )  of  390 
cm  for  OH  and  270  cm  1  for  OD  sample  are  obtained  from  the  Arrhenius 

plots  shown  in  Fig.  4.  These  correspond  to  the  llbrational  energies  of  0H~ 

and  OD  respectively  in  KC1  [7,8].  The  temperature  dependence  of  the  slow 
relaxation  is  similar  to  that  of  OH  free  samples.  The  slow  relaxation 
rate  is  almost  independent  -of  temperature  below  -100K.  Above  this 


Fig.  3:  Temperature  dependence  of  the  fast  relaxation  rate  of  the  F-centers 
in  OH-  doped.KCl^  The  concentrations  in  mole  fraction  are  2.3x10°  OH  for 
(A),  1.8x10*  OD  for  (O),  and  9.4x10*  (Hi  for  (x)  respectively. 


(•operator*,  the  rate  Increases  exponentially  with  a  corresponding  AE  of 
660  cm*  This  corresponds  to  the  energy  difference  between  the  relixed 
excited  state  of  the  F-center  and  the  conduction  band  [9].  This  suggests 
that  the  mechgnism  of  the  slow  relaxation  process  involves  the  thermal 
activation  of  F  electron  to  the  conduction  band  followed  by  rapid  trapping 
leading  to  bleach  recovery  as  found  in  pure  KC1  [9].  One  thing  to  note, 
however,  is  that  our  lifetimes  of  the  slow  relaxation  below  -100K  seen  in 
the  time  window  of  -10  ns  are  shorter  by  g  factor  of  -10  for  both  pure  and 
OH  doped  samples  than  the  lifetime  of  F  - centers  previously  reported  for 
pure  KC1  [9].  The  lifetimes  observed  in  ouj  experiments  decrease  as  the 
sample  excitation  intensity  increases.  The  F  -F  annihilation  interaction 


could  produce  in  our  experiment^an  additional  quenching  mechanism  due  to 
the  large  population  of  the  F  generated  by  the  high  power  used  in  our 
picosecond  experiment. 


1/T  C1/K3 


6:  Arrhenius  plots  of  fast  relaxation  rates  using  data  taken  above 

The  OH  /0D~  concentrations  are  shown  in  Fig.  3  caption.  The 
anergie|  —  J  v-  --  J 


Fig- 
90K. 

activation 
samples  and  270  cm 


are  determined  to  be  390  cm 
for  (O)  OD  sample. 


for  (A)  and  (x)  0H~ 


Acknowledgement :  The  work  at  the  University  of  California  was  supported  by 
the  Office  of  Naval  Research,  the  work  at  the  University  of  Utah  by  NSF 
grant  DMR  81*05532. 


4.  bltamsa 


1. 

2. 

3. 

A. 

5. 


6. 

7. 

8. 
9. 


L.  Gomes  and  F.  Luty,  Fhys.  Rev.  B  Ifl,  7194  (1984). 

Y.  Yang,  W.  von  der  Ostan,  and  F.  Luty,  Phys.  Rev.  B  22,  2724  (1985). 

Y.  Yang  and  F.  Luty,  Fhys.  Rev.  Lett,  51,  419  (1983). 

D.-J.  Jang  and  D.F.  Kelly,  Rev.  Sci.  Instrum.  ££,  2205  (1985). 

D.-J.  Jang,  T.C.  Corcoran,  M.A.  El-Sayed,  and  F.  Luty,  manuscript  in 
preparation. 

T.  Holstein,  S.K.  Lyo,  and  R.  Orbach,  Fhys.  B  1£,  934  (1977). 

M. V.  Klein,  B.  Wadding,  and  M.A.  Levine,  Fhys.  Rev.  180.  902  (1969). 
David  Harrison,  Fh.  D.  Thesis.  University  of  Utah,  1970. 

V.B.  Fowler,  Fhvslcs  of  Color  Centers.  Chapter  2,  (Academic  Press,  New 
York  1968) . 


01/1113/86/2 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  SEN 


No. 

Copies 

Office  of  Naval  Research  2 

Attn:  Code  1113 
800  N.  Quincy  Street 
Arlington,  Virginia  22217-5000 

Or.  Bernard  Oouda  1 

Naval  Weapons  Support  Center 
Code  50 C 

Crane,  Indiana  47522-5050 


Naval  Civil  Engineering  Laboratory  1 
Attn:  Dr.  R.  W.  Drfsko,  Code  L52 
Port  Hueneme,  California  93401 


Defense  Technical  Information  Center  12 


Building  5,  Caneron  Station  high 

Alexandria,  Virginia  22314  quality 

DTNSRDC  1 

Attn:  Dr.  H.  Slngerman 
Applied  Chemistry  Division 
Annapolis,  Maryland  21401 

Dr.  William  Tolies  1 

Superintendent 


Chemistry  Division,  Code  6100 
Naval  Research  Laboratory 
Washington,  D.C.  20375-5000 


No. 

Copies 

Dr.  David  Young  1 

Code  334 

N0RDA 

NSTL,  Mississippi  39529 

Naval  Weapons  Center  1 

Attn:  Dr.  Ron  Atkins 
Chemistry  Division 
China  Lake,  California  93555 

Scientific  Advisor  1 

Commandant  of  the  Marine  Corps 
Code  RD-1 

Washington,  D.C.  20380 

U.S.  Army  Research  Office  1 

Attn:  CRD-AA-IP 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 

Mr.  John  Boyle  1 

Materials  Branch 
Naval  Ship  Engineering  Center 
Philadelphia,  Pennsylvania  19112 

Naval  Ocean  Systems  Cwter  1 

Attn:  Or.  S.  Yamamoto 
Marine  Sciences  Division 
San  Diego,  California  91232 


1 


DL/1113/86/2 


TECHNICAL  REPORT  DISTRIBUTION  LIST.  051 A 


Dr.  M.  A.  EUSatfed 
Departmept-'tjf  Chemistry 
UnlvpKtty  of  California 
^esAngeles,  California  90024 

Dr.  E.  R.  Bernstein 
Department  of  Chemistry 
Colorado  State  University 
Fort  Collins,  Colorado  80521 

Dr.  J.  R.  MacDonald 
Chemistry  Division 
Naval  Research  Laboratory 
Code  6110 

Washington,  D.C.  20375-5000 


Dr.  George  E.  Walrafen 
Department  of  Chemistry 
Howard  University  . 
Washington,  D.C.  20059 

Dr.  Joe  Brandelik 
AFWAL/AAD0-1 
Wright  Patterson  AFB 
Fairborn,  Ohio  45433 

Dr.  Carmen  Ortiz 
Consejo  Superior  de 
Investigaclones  Cientificas 
Serrano  121 
Madrid  6,  SPAIN 


Dr.  G.  B.  Schuster 
Chemistry  Department 
University  of  Illinois 
Urbana,  Illinois  61801 

Dr.  J.B.  Halpern 
Department  of  Chemistry 
Howard  University 
Washington,  D.C.  20059 


Dr.  John  J.  Wright 
Physics  Department 
University  of  New  Hampshire 
Durham,  New  Hampshire  03824 

Dr.  Kent  R.  Wilson 
Chemistry  Department 
University  of  California 
La  Jolla,  California  92093 


Dr.  M.  S.  Wrighton 
Department  of  Chemistry 
Massachusetts  Institute  of  Technology 
Cambridge,  Massachusetts  02139 


Dr.  G.  A.  Crosby 
Chemistry  Department 
Washington  State  University 
Pullman,  Washington  99164 


Dr.  A.  Paul  Schaap 
Department  of  Chemistry 
Wayne  State  University 
Detroit,  Michigan  49207 


Dr.  Theodore  Pavlopoulos 
N0SC 

Code  521 

San  Diego,  California  91232 


Dr.  W.E.  Moemer 
I.B.M.  Corporation 
Almaden  Research  Center 
650  Harry  Rd, 

San  Jose,  California  95120-6099 

Dr.  A.B.P.  Lever 
Department  of  Chemistry 
York  University 
Oownsvlew,  Ontario 
CANADA  M3J1P3 


Dr.  John  Cooper 
Code  6173 

Naval  Research  Laboratory 
Washington,  D.C.  20375-5000 


2 


